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$EVWUDFW�

$�%D\HV�0RQWH�&DUOR�DSSURDFK�LV�XVHG�WR�UHGXFH�XQFHUWDLQW\�LQ�VRXUFH�

FKDUDFWHUL]DWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ�IRU�D�WUDQVLHQW�SROOXWDQW�UHOHDVH�LQ�D�

UHVLGHQWLDO�KRXVH��8QFHUWDLQW\�GLVWULEXWLRQV�IRU�LQSXW�SDUDPHWHUV�ZHUH�

VXEMHFWLYHO\�DVVLJQHG�DQG�XSGDWHG�XVLQJ�V\QWKHWLFDOO\�JHQHUDWHG�DLUERUQH�

SROOXWDQW�FRQFHQWUDWLRQ�GDWD��7ZR�K\SRWKHWLFDO�GDWD�FROOHFWLRQ�VFHQDULRV�ZHUH�

FRQVLGHUHG��GDWD�FROOHFWHG�LQ�DOO�ILYH�RI�WKH�URRPV�HYHU\�ILYH�PLQXWHV��DQG�

GDWD�FROOHFWHG�LQ�RQH�GLIIHUHQW�URRP�HYHU\�ILYH�PLQXWHV��8QFHUWDLQW\�

HVWLPDWLRQV�DUH�XSGDWHG�VHTXHQWLDOO\�DW�HDFK�ILYH�PLQXWH�LQWHUYDO��,QSXW�

XQFHUWDLQW\�LQ�VRXUFH�FKDUDFWHUL]DWLRQ�LV�VLJQLILFDQWO\�UHGXFHG�LQ�ERWK�

VFHQDULRV��5HGXFWLRQ�LQ�XQFHUWDLQW\�LV�FRQVLGHUDEOH�ZKHQ�GDWD�LV�FROOHFWHG�LQ�

PRUH�WKDQ�RQH�URRP�VLPXOWDQHRXVO\��/RFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�WKH�

SROOXWDQW�UHOHDVH�LOOXVWUDWHV�D�W\SLFDO�DSSOLFDWLRQ�RI�WKLV�PHWKRG���
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,QWURGXFWLRQ�
 ,QGRRU�DLU�TXDOLW\�KDV�UHFHLYHG�LQFUHDVLQJ�DWWHQWLRQ�LQ�UHFHQW�\HDUV��,Q�UHVSRQVH�WR�ULVLQJ�

FRQFHUQ�RYHU�HQHUJ\�XVDJH��EXLOGLQJV�DUH�EHFRPLQJ�PRUH�DLUWLJKW��ZLWK�YHQWLODWLRQ�DFFRPSOLVKHG�

WKURXJK�PHFKDQLFDO�+9$&�V\VWHPV��6RKQ�DQG�6PDOO��������$�QXPEHU�RI�LOOQHVVHV�KDYH�EHHQ�WUDFHG�

WR�SUREOHPV�RI�LQGRRU�DLU�SROOXWLRQ��LQFOXGLQJ�WKH�XVH�RI�FKHPLFDOV�ZLWKRXW�SURSHU�YHQWLODWLRQ��

FRQWDPLQDQW�VSLOOV��DQG�VLFN�EXLOGLQJ�V\QGURPH��0DQ\�DLUERUQH�FRQWDPLQDQWV�PD\�EH�FRORUOHVV�

JDVVHV��LQYLVLEOH�WR�WKH�QDNHG�H\H��$V�ZH�DUH�EHJLQQLQJ�WR�XQGHUVWDQG�WKH�FRPSOH[LWLHV�RI�DLUIORZ�

LQVLGH�EXLOGLQJV��ZH�KDYH�OHDUQHG�WKDW�WKH�WUDQVSRUW�RI�DQ�DLUERUQH�FKHPLFDO�UHOHDVHG�LQGRRUV�PD\�EH�

QRQ���RU�HYHQ�FRXQWHU�LQWXLWLYH��6FLHQWLVWV�KDYH�DWWHPSWHG�WR�XQGHUVWDQG�LQGRRU�DLUIORZ�DQG�SROOXWDQW�

WUDQVSRUW�WKURXJK�FRPSXWHU�PRGHOLQJ��XVLQJ�LQSXWV�RI�PHDVXUHPHQWV�IRU�WKH�EXLOGLQJ�GHVFULSWLRQ�

DQG�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�SURGXFLQJ�SUHGLFWLRQV�IRU�SROOXWDQW�FRQFHQWUDWLRQ�LQ�YDULRXV�URRPV���

7UDGLWLRQDO�PHWKRGV�RI�PRGHOLQJ�SROOXWDQW�UHOHDVHV�UHO\�RQ�GDWD�JDWKHUHG�WKDW�FKDUDFWHUL]H�

WKH�VRXUFH�DQG�EXLOGLQJ�EHIRUH�PRGHOLQJ�EHJLQV��,W�LV��KRZHYHU��VRPHWLPHV�QHFHVVDU\�WR�EH�DEOH�WR�

XQGHUVWDQG�D�SROOXWDQW�UHOHDVH�ZLWKRXW�KDYLQJ�KLJK�TXDOLW\�GDWD�GHVFULELQJ�WKH�VRXUFH�DQG�WKH�

EXLOGLQJ��:H�PD\�KDYH�RQO\�UHPRWH�GDWD��RFFXSDQW�DFFRXQWV��RU�SROOXWDQW�FRQFHQWUDWLRQ�GDWD��7KH�

%D\HV�0RQWH�&DUOR��%0&��DSSURDFK�GHVFULEHG�KHUH�LV�D�PHWKRG�RI�UHGXFLQJ�XQFHUWDLQW\�LQ�VRXUFH�

FKDUDFWHUL]DWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ�LQ�D�VPDOO�EXLOGLQJ�XVLQJ�H[LVWLQJ�GDWD��RIWHQ�RI�D�OLPLWHG�

TXDQWLW\�DQG�SRRU�TXDOLW\���

7KH�%D\HV�0RQWH�&DUOR�PHWKRG�KDV�EHHQ�GHPRQVWUDWHG�WR�VLJQLILFDQWO\�UHGXFH�XQFHUWDLQW\�LQ�

VRXUFH�FKDUDFWHUL]DWLRQ�DQG�WUDQVSRUW�SDUDPHWHUV�LQ�RWKHU�HQYLURQPHQWDO�PHGLD��VHH��HJ��6RKQ�HW�DO��

�������7KH�%0&�PHWKRG�LV�GLIIHUHQW�IURP�PRVW�RWKHU�PHWKRGV�RI�SROOXWDQW�WUDQVSRUW�PRGHO�

FDOLEUDWLRQ��7UDGLWLRQDOO\��WKH�PRGHO�LV�ILUVW�FRPSOHWHG�XVLQJ�DOO�NQRZQ�GDWD��,I�QHZ�PHDVXUHPHQWV�

DUH�REWDLQHG��WKH�FDOLEUDWLRQ�PXVW�EH�UHFDOFXODWHG��7KLV�FDQ�EH�FRPSXWDWLRQDOO\�LQWHQVLYH�LI�

PHDVXUHPHQWV�FRQWLQXH�WR�EH�PDGH�DV�WKH�PRGHO�LV�EHLQJ�UHILQHG���$GGLWLRQDOO\��FRQVLGHUDEOH�ILHOG�

PHDVXUHPHQWV�PD\�EH�UHTXLUHG�EHIRUH�PRGHOLQJ�ZRUN�LV�EHJXQ����
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7KH�%0&�DSSURDFK�LV�XQLTXH�LQ�WKDW�LW�DOORZV�IRU�WKH�V\VWHPDWLF�XVH�RI�H[SHUW�MXGJPHQW�

ZKHQ�OLPLWHG�GDWD�LV�DYDLODEOH��$V�QHZ�GDWD�LV�REWDLQHG��WKH�LQIOXHQFH�RI�H[SHUW�MXGJPHQW�GLPLQLVKHV��

%HFDXVH�%D\HVLDQ�GDWD�DQDO\VLV�LV�GH�FRXSOHG�IURP�WKH�PRGHO�VLPXODWLRQ��FRQWLQXHG�XSGDWLQJ�

DORQJVLGH�GDWD�JDWKHULQJ�GRHV�QRW�UHTXLUH�UXQQLQJ�QXPHURXV�DGGLWLRQDO�VLPXODWLRQV���%HVW�HVWLPDWHV�

RI�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ�FDQ�EH�FRQWLQXDOO\�JHQHUDWHG�DV�GDWD�FRPHV�LQ���

7KHVH�IHDWXUHV�PDNH�LW�ZHOO�VXLWHG�IRU�RXU�SXUSRVHV�LQ�WKLV�VWXG\��

� 7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�GHPRQVWUDWH�WKDW�D�%0&�XSGDWLQJ�DSSURDFK�LV�XVHIXO�DQG�

YDOLG�IRU�UHGXFLQJ�XQFHUWDLQW\�LQ�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ�IRU�DQ�LQGRRU�

SROOXWDQW�UHOHDVH�LQ�D�VPDOO�UHVLGHQWLDO�EXLOGLQJ��7KH�VWXG\�ZLOO�DOVR�H[DPLQH�WR�ZKDW�H[WHQW�WKH�

TXDQWLW\�DQG�TXDOLW\�RI�ILHOG�GDWD�LPSURYHV�RXU�XSGDWHG�HVWLPDWHV��$Q�DSSOLFDWLRQ�RI�WKLV�ZRUN�LV�WR�

EH�DEOH�WR�ORFDWH�DQG�FKDUDFWHUL]H�WKH�VRXUFH�LQ�WKH�LQGRRU�UHOHDVH�RI�D�SROOXWDQW��XVLQJ�VFDQW�RU�

XQUHOLDEOH�ILHOG�GDWD���7KLV�LQIRUPDWLRQ�FRXOG�EH�XVHG�WR�GLUHFW�HPHUJHQF\�UHVSRQVH�SHUVRQQHO�LQ�WKH�

HYHQW�RI�DQ�DFFLGHQWDO�UHOHDVH��

$SSURDFK�

'HVFULSWLRQ�RI�WKH�%D\HV�0RQWH�&DUOR�0HWKRG�

 7KH�%D\HV�0RQWH�&DUOR�PHWKRG�FRQVLVWV�RI�WZR�SDUWV��,Q�WKH�3ULRU�$QDO\VLV�XQFHUWDLQW\�

GLVWULEXWLRQV�DUH�DVVLJQHG�WR�WKH�EXLOGLQJ�GHVFULSWLRQ�DQG�VRXUFH�FKDUDFWHUL]DWLRQ�LQSXW�SDUDPHWHUV��

$W�WKLV�VWDJH�RI�WKH�DQDO\VLV��WKH�PRGHO�XVHU�DOORZV�WKH�LQFRUSRUDWLRQ�RI�VXEMHFWLYH�MXGJPHQW�ZKHQ�

OLPLWHG�LQSXW�LQIRUPDWLRQ�LV�DYDLODEOH��0DQ\�UHDOL]DWLRQV�RI�WKHVH�GLVWULEXWLRQV�DUH�VDPSOHG�XVLQJ�D�

VWDQGDUG�0RQWH�&DUOR�SURFHGXUH���

� ,Q�WKH�3RVWHULRU�$QDO\VLV�ILHOG�GDWD�DUH�FRPSDUHG�WR�WKH�VHW�RI�PRGHO�SUHGLFWLRQV�WR�DVVHVV�

KRZ�ZHOO�HDFK�SUHGLFWLRQ�ILWV�WKH�GDWD��HVWLPDWHG�XVLQJ�D�OLNHOLKRRG�IXQFWLRQ��:H�DVVXPHG�D�JDXVVLDQ�

OLNHOLKRRG�IXQFWLRQ��

�
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7KH�WRWDO�OLNHOLKRRG�RI�D�VLPXODWLRQ�LV�WKH�VXP�RI�WKH�OLNHOLKRRGV�RI�HDFK�SRLQW�SUHGLFWLRQ��

����

ZKHUH�6�LV�WKH�QXPEHU�RI�PHDVXUHPHQWV���

7KH�%D\HV�)DFWRU��D�UDWLR�RI�WKH�VLPXODWLRQ�OLNHOLKRRG�WR�WKH�VXP�RI�DOO�WKH�VLPXODWLRQ�OLNHOLKRRGV��

GHVFULEHV�KRZ�ZHOO�D�VLPXODWLRQ�ILWV�WKH�GDWD��FRPSDUHG�WR�DOO�RI�WKH�RWKHU�VLPXODWLRQV���7KLV�LV�

FRPSXWHG�DV��

����

�
:KHUH��

• S·
N
�LV�WKH�SRVWHULRU�SUREDELOLW\�RI�WKH�NWK�VLPXODWLRQ��

• S�<
N
��LV�WKH�SULRU�SUREDELOLW\�RI�WKH�NWK�VLPXODWLRQ��

• 8�LV�WKH�QXPEHU�RI�0RQWH�&DUOR�VLPXODWLRQV�

�
7KH�SRVWHULRU�SUREDELOLW\��%D\HV�)DFWRU��RI�HDFK�VLPXODWLRQ�LV�DSSOLHG�WR�HDFK�SDUDPHWHU�DVVRFLDWHG�

ZLWK�WKDW�VLPXODWLRQ��DQG�WKXV�D�UH�HVWLPDWLRQ�LV�REWDLQHG�IRU�DOO�LQSXW�XQFHUWDLQWLHV��7KLV�LQFOXGHV�
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ERWK�PRGHO�LQSXW�SDUDPHWHUV��FRQFHSWXDO�PRGHOV��DQG�RXWSXW�SUHGLFWLRQV��7KH�SRVWHULRU�PHDQ��

YDULDQFH�DQG�FRUUHODWLRQ�FRHIILFLHQW�DUH�FDOFXODWHG�IRU�HDFK�LQSXW�RU�RXWSXW�SDUDPHWHU�DQG�D�ZHLJKWHG�

HVWLPDWH�RI�WKH�YDOXH�RI�WKH�SDUDPHWHU�HVWLPDWHG���6RKQ�HW�DO��������

����

����

����

:KHUH��

• 9�DQG�:�DUH�DQ\�PRGHO�LQSXW�RU�RXWSXW�

• ³
V�DQG�³
W�DUH�WKH�VWDQGDUG�GHYLDWLRQV�RI�WKH�PRGHO�LQSXWV�RU�RXWSXWV�

� 'HVFULSWLRQ�RI�+RXVH�0RGHO�

� 7KH�VWXG\�KRXVH�LV�D�ILYH�URRP��RQH�VWRU\�UHVLGHQWLDO�KRXVH�ZLWK�DQ�DSSUR[LPDWH�YROXPH�RI�

����P3 �)LJXUH�����&UDFNV�H[LVW�LQ�WKH�FHLOLQJ�RI�HYHU\�URRP��FRQQHFWLQJ�GLUHFWO\�WR�WKH�URRI��WKHUH�LV�

QR�DWWLF���7KHUH�LV�QR�+9$&�V\VWHP�RU�GXFW�ZRUN��7KH�LQWHULRU�/LYLQJ�5RRP�.LWFKHQ�GRRU��WKH�

H[WHULRU�%DWKURRP�ZLQGRZ�DQG�WKH�H[WHULRU�%HGURRP���ZLQGRZ�DUH�RSHQ��7KH�LQWHULRU�%HGURRP�

��/LYLQJ�5RRP�GRRU�DQG�DQ�H[WHULRU�/LYLQJ�5RRP�ZLQGRZ�DUH�UDQGRPO\�YDULHG�LQ�WKH�PRGHO�

VLPXODWLRQV��:LQG�EORZV�DW�D�VWHDG\���P�V�SHUSHQGLFXODU�WR�RQH�ZDOO�RI�WKH�EXLOGLQJ���
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)LJXUH����+RXVH�)ORRU�3ODQ�

� 2XU�JRDO�LV�WR�ORFDWH�DQG�FKDUDFWHUL]H�WKH�VRXUFH�RI�D�SROOXWDQW�UHOHDVHG�LQ�D�VPDOO�EXLOGLQJ�

ZLWKRXW�KLJK�TXDOLW\�GDWD�GHVFULELQJ�WKH�VRXUFH�DQG�EXLOGLQJ��3ROOXWDQW�WUDQVSRUW�PRGHOLQJ��KRZHYHU��

UHTXLUHV�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ�SDUDPHWHUV�DV�LQSXWV�WR�SURGXFH�SROOXWDQW�

FRQFHQWUDWLRQ�GDWD��:H�ZLOO�DVVXPH�WKLV�LQIRUPDWLRQ�WR�EH�XQFHUWDLQ�DQG�ZLOO�XVH�WKH�%0&�DSSURDFK�

WR�ZRUN�EDFNZDUGV�IURP�SROOXWDQW�FRQFHQWUDWLRQ�GDWD�DQG�ORZ�TXDOLW\�EXLOGLQJ�GHVFULSWLRQ�DQG�

VRXUFH�FKDUDFWHUL]DWLRQ�GDWD�WR�UHGXFH�XQFHUWDLQW\�LQ�LQSXW�SDUDPHWHUV���

� 0RGHOLQJ�RI�EXLOGLQJ�DLUIORZ�DQG�SROOXWDQW�WUDQVSRUW�ZDV�SUHGLFWHG�XVLQJ�WKH�&20,6�

LQILOWUDWLRQ�PRGHO��)HXVWHO�HW�DO���������&20,6�LV�D�PXOWL]RQH�PRGHO�WKDW�DVVXPHV�HDFK�RI�WKH�URRPV�

EHKDYH�DV�ZHOO�PL[HG�]RQHV��7KH�&20,6�DLU�IORZ�FDOFXODWLRQ�LV�EDVHG�RQ�FDOFXODWLQJ�SUHVVXUH�

GLIIHUHQWLDOV�EHWZHHQ�]RQHV��URRPV��WKURXJK�RULILFHV���

8QFHUWDLQW\�&KDUDFWHUL]DWLRQ�

$V�GLVFXVVHG�HDUOLHU��XQFHUWDLQW\�GLVWULEXWLRQV�ZHUH�DVVLJQHG�WR�PRGHO�LQSXW�SDUDPHWHUV��

7DEOH���VXPPDUL]HV�HDFK�RI�WKH�XQFHUWDLQ�LQSXW�SDUDPHWHUV�DQG�WKHLU�DVVLJQHG�XQFHUWDLQW\�

GLVWULEXWLRQ��)LYH�KXQGUHG�PRGHO�SUHGLFWLRQV�ZHUH�VLPXODWHG�IURP�WKHVH�GLVWULEXWLRQV��)LJXUH���

VKRZV�DQ�H[DPSOH�PRGHO�SUHGLFWLRQ�IRU�D�VRXUFH�UHOHDVHG�LQ�WKH�OLYLQJ�URRP��6XPPDU\�VWDWLVWLFV�RI�

WKH�VHW�RI�����PRGHO�SUHGLFWLRQV�ZHUH�FDOFXODWHG��)LJXUH���LOOXVWUDWHV�WKH�PHGLDQ�DQG�WKH�WZR�VLGHG�
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����FRQILGHQFH�LQWHUYDO�IURP�WKH�����VLPXODWLRQV��7KH�ZLGH�LQWHUYDO�GHPRQVWUDWHV�WKH�ODUJH�

XQFHUWDLQW\�GXH�WR�WKH�XQFHUWDLQ�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�EXLOGLQJ�GHVFULSWLRQ��

�
7DEOH����,QSXW�SDUDPHWHUV�H[DPLQHG�LQ�WKLV�VWXG\�DQG�DVVLJQHG�GLVWULEXWLRQV��

3DUDPHWHU� 'LVWULEXWLRQ� 8QFHUWDLQW\�&KDUDFWHUL]DWLRQ�

6RXUFH�/RFDWLRQ� 5DQGRP� 5RRPV���������������

6RXUFH�0DVV� 8QLIRUP� ��������JUDPV�

6RXUFH�'XUDWLRQ� 8QLIRUP� �������PLQXWHV�

([WHUQDO�7HPSHUDWXUH� 8QLIRUP� ��������&�

%HGURRP���,QWHULRU�'RRU� 5DQGRP� 2SHQ�&ORVHG�

2QH�/LYLQJ�5RRP�:LQGRZ� 5DQGRP� 2SHQ�&ORVHG�

�

��

�

�

�

�

�

�

�

�

�

�

)LJXUH�����([DPSOH�RI�D�PRGHO�SUHGLFWLRQ�RI�SROOXWDQW�FRQFHQWUDWLRQ�GDWD���
7KH�FRQFHQWUDWLRQV�LQ�WKH�EDWKURRP�DUH�QHDUO\�]HUR��VR�DUH�QRW�YLVLEOH�RQ�WKH�ILJXUH��

���J�RI�SROOXWDQW�UHOHDVHG�LQ�/LYLQJ�5RRP�RYHU����PLQXWHV
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)LJXUH��������&RQILGHQFH�%RXQGV�IRU�/LYLQJ�5RRP�DIWHU�����VLPXODWLRQV�

� �

*HQHUDWLRQ�RI�6\QWKHWLF�'DWD�

� )RU�WKH�%D\HV�8SGDWLQJ��ILHOG�GDWD�XVHG�LQ�WKLV�SDSHU�ZDV�V\QWKHWLFDOO\�JHQHUDWHG��:H�FKRVH�D�

VLPXODWLRQ�XVLQJ����JUDPV�RI�D�SROOXWDQW�UHOHDVHG�LQ�WKH�/LYLQJ�5RRP�IRU����PLQXWHV��ZLWK�DQ�

H[WHUQDO�WHPSHUDWXUH�RI�������&�DQG�ERWK�OLYLQJ�URRP�ZLQGRZ�DQG�%HGURRP���GRRU�FORVHG���

+\SRWKHWLFDO�HUURU�ZDV�DSSOLHG�WR�WKH�PRGHO�VLPXODWLRQ�E\�DVVXPLQJ��L���D�QRUPDOO\�GLVWULEXWHG�HUURU�

DVVRFLDWHG�ZLWK�D�IL[HG�&RHIILFLHQW�RI�9DULDWLRQ�RI�����DQG��LL���D�QRUPDOO\�GLVWULEXWHG�UDQGRP�HUURU�

WKDW�LV�LQGHSHQGHQW�RI�WKH�PDJQLWXGH�RI�WKH�PHDVXUHPHQW���� ����1random� �����J�P
3����)LJXUH���

LOOXVWUDWHV�WKH�V\QWKHWLF�GDWD�DW�ILYH�PLQXWH�LQWHUYDOV��
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)LJXUH����6\QWKHWLF�'DWD�

5HVXOWV�

� 7ZR�GDWD�JDWKHULQJ�VFHQDULRV�ZHUH�FRQVLGHUHG��,Q�WKH�ILUVW�VFHQDULR��ZH�ZLVKHG�WR�OHDUQ�LI�ZH�

FRXOG�ORFDWH�ZKHUH�WKH�VRXUFH�ZDV�UHOHDVHG�LI�ZH�KDG�GDWD�REWDLQHG�LQ�HDFK�RI�WKH�ILYH�URRPV�HYHU\�

ILYH�PLQXWHV��7KH�%0&�XSGDWLQJ�ZDV�FRQGXFWHG�VHTXHQWLDOO\�DV�WKH�V\QWKHWLF�GDWD�LV��REWDLQHG����

+HQFH��WKH�ILUVW�GDWD�LV�REWDLQHG�DW�W� ���PLQXWHV�DQG�RXU�XQFHUWDLQW\�LV�XSGDWHG��$W�W� ����PLQXWHV��

ZKHQ�WKH�QH[W�VHTXHQWLDO�GDWD�LV�REWDLQHG��QHZ�XSGDWHG�XQFHUWDLQW\�LV�HVWLPDWHG��7DEOH���VXPPDUL]HV�

WKH�XSGDWHG�UHVXOWV���1RWH�LQ�7DEOH���WKDW�XQFHUWDLQW\�LQ�LQSXW�SDUDPHWHUV�DV�FKDUDFWHUL]HG�E\�

VWDQGDUG�GHYLDWLRQ�GHFUHDVHV�WR�DW�PRVW����DIWHU����PHDVXUHPHQWV�DUH�WDNHQ��)LJXUH���VKRZV�WKH�

UHGXFWLRQ�RI�XQFHUWDLQW\�LQ�WKH�VRXUFH�ORFDWLRQ��(YHQ�ZLWK�MXVW�WKH�PHDVXUHPHQWV�WDNHQ�DW�ILYH�

PLQXWHV��ZH�DUH�DEOH�WR�ORFDWH�WKH�VRXUFH�LQ�WKH�OLYLQJ�URRP�ZLWK�D�SUREDELOLW\�RI�������)LJXUH����

FRPSDULQJ�SULRU�WR�SRVWHULRU�FRQILGHQFH�ERXQGV�IRU�WKH�/LYLQJ�5RRP��LOOXVWUDWHV�WKH�QDUURZLQJ�RI�

WKH�����FRQILGHQFH�LQWHUYDO�DW�HDFK�PHDVXUHPHQW���
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7DEOH����3RVWHULRU�3DUDPHWHU�8QFHUWDLQWLHV��DIWHU�XSGDWLQJ�XVLQJ�GDWD�FROOHFWHG�LQ�DOO�URRPV��HYHU\�ILYH�PLQXWHV��5HGXFWLRQ�LQ�XQFHUWDLQW\�LV�

UHGXFHG��LOOXVWUDWHG�E\�GHFUHDVLQJ�VWDQGDUG�GHYLDWLRQ��1���8SGDWHG�SDUDPHWHU�HVWLPDWLRQV�DSSURDFK�FRUUHFW�YDOXHV��

     Source     Source External   Living Room   Bedroom 2 
      Mass      Duration Temperature   Window   Door 

     (grams)        (minutes)     (degrees C) probability probability 
                         

Prior:                 
 53 27.5 13 4.4 17.5 4.3 open =  50% open =   50% 
            closed = 50% closed = 50% 
                  
Posterior:                

5 minutes             open:   0 open:   0 
(5 measurements total,  47 7.8 14 1.5 13.2 3.0 closed = 100% closed = 100% 
 one in each room.)                 

10 minutes             open:   0 open:   0 
(10 measurements total, 46 4.2 14 0.6 11.8 2.1 closed = 100% closed = 100% 
one in each room.)                 

15 minutes             open:   0 open:   0 
(15 measurements total, 50 2.3 15 0.5 13.0 2.0 closed = 100% closed = 100% 
one in each room.)                 

20 minutes             open:   0 open:   0 
(20 measurements total, 51 0.4 15 0.4 12.8 1.1 closed = 100% closed = 100% 
one in each room.)                 

25 minutes             open:   0 open:   0 
(25 measurements total, 51 0.2 15 0.1 13.3 0.3 closed = 100% closed = 100% 
one in each room.)                 

30 minutes             open:   0 open:   0 
(30 measurements total, 51 0.1 15 0.0 13.3 0.1 closed = 100% closed = 100% 
 one in each room.)                 
              

Correct Answer 57 g   17 min 12.7° closed closed 

µ σ σ σσ σσµ µ
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,Q�WKH�VHFRQG�VFHQDULR��ZH�FRQVLGHUHG�GDWD�WDNHQ�LQ�D�VLQJOH�URRP�HYHU\�ILYH�PLQXWHV��$�

GLIIHUHQW�URRP�LV�VDPSOHG�HYHU\�ILYH�PLQXWHV��8QFHUWDLQW\�LV�VLJQLILFDQWO\�UHGXFHG�DW�WKH�HQG�RI����

PLQXWHV��WKRXJK�RQO\���PHDVXUHPHQWV�KDYH�EHHQ�XVHG��<HW�HYHQ�DIWHU�RQH�PHDVXUHPHQW��WKH�

SRVWHULRU�SUREDELOLW\�RI�WKH�VRXUFH�EHLQJ�ORFDWHG�LQ�WKH�OLYLQJ�URRP�LV������7DEOH���VXPPDUL]HV�WKH�

UHVXOWV��)LJXUHV���DQG���LOOXVWUDWH�WKH�UHGXFWLRQ�RI�XQFHUWDLQW\�LQ�WKH�VRXUFH�ORFDWLRQ�DQG�WKH�

QDUURZLQJ�RI�WKH�����FRQILGHQFH�LQWHUYDO�DW�HDFK�PHDVXUHPHQW��UHVSHFWLYHO\��

%RWK�FDVHV�DSSURDFK�WKH�FRUUHFW�YDOXHV�IRU�SROOXWDQW�PDVV��GXUDWLRQ�RI�UHOHDVH��ORFDWLRQ��

H[WHUQDO�WHPSHUDWXUH��DQG�ZLQGRZ�DQG�GRRU�VWDWXV��,Q�ERWK�VFHQDULRV�WKH�VLPXODWLRQ�IURP�ZKLFK�WKH�

V\QWKHWLF�GDWD�ZDV�SURGXFHG�LV�VXPPDUL]HG�LQ�7DEOHV���DQG���DV�WKH��FRUUHFW�DQVZHU����
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7DEOH����3RVWHULRU�3DUDPHWHU�8QFHUWDLQWLHV��DIWHU�XSGDWLQJ�XVLQJ�GDWD�FROOHFWHG�LQ�RQH�URRP�HYHU\�ILYH�PLQXWHV��8QFHUWDLQW\�LV�
UHGXFHG�PRUH�VORZO\�WKDQ�6FHQDULR����8SGDWHG�SDUDPHWHU�HVWLPDWLRQV�DSSURDFK�FRUUHFW�YDOXHV��

�
 Source 

Mass  (grams) 
Source 
Duration  (min) 

External 
Temperature (°C) 

Living Room 
Window 

Bedroom 2 
Door 

        probability    probability    

Prior:  53.0 27.5 13.0 4.4 17.5 4.3 open = 50% open = 50% 
              closed = 50% closed = 50% 

Posterior:                    

5 minutes 65 21.2 12 3.9 17.1 4.4 open = 44% open = 64% 
(1 measurement total,             closed = 55% closed = 36% 
latest in Living Room.                     

10 minutes                   

(2 measurements total, 54 19.3 12 4.2 16.9 4.6 open= 44% open = 52% 
latest in Kitchen.             closed= 56% closed = 48% 

15 minutes                   

(3 measurements total, 50 16.0 11 3.9 16.4 4.8 open= 35% open = 51% 
latest in Bedroom 1.             closed= 65% closed = 49% 

20 minutes                   

(4 measurements total, 45 12.0 12 3.8 16.0 4.6 open= 32% open = 57% 
latest in Bathroom.             closed= 68% closed = 43% 

25 minutes                   

(5 measurements total, 43 9.2 12 3.0 13.8 4.5 open= 42% open = 10% 
latest in Bedroom 2.             closed= 58% closed = 90% 

30 minutes           
(6 measurements total, 50 2.9 15 0.5 13.6 1.9 open= 0 open = 0 
latest in Living Room                         closed= 100% closed = 100% 
           

Correct Answer 57 g   17 min   12.7°   closed   closed   

µ σ σ σσ σσµ µ
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)LJXUH����6FHQDULR����UHGXFWLRQ�LQ�XQFHUWDLQW\�IRU�VRXUFH�ORFDWLRQ��1RWH�WKDW�UHGXFWLRQ�RI�
XQFHUWDLQW\�LQ�ORFDWLRQ�LV�VORZHU�ZLWK�GDWD�WDNHQ�LQ�RQO\�RQH�URRP�HYHU\���PLQXWHV��
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FRQILGHQFH�LQWHUYDO�QDUURZV�PRUH�VORZO\�WKDQ�LQ�6FHQDULR����1RWH�WKDW�PHDVXUHPHQWV�LQ�RWKHU�URRPV�
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�
'LVFXVVLRQ�DQG�&RQFOXVLRQV�

$IWHU�ILQDO�XSGDWLQJ�RI�LQSXW�SDUDPHWHUV��LQSXW�XQFHUWDLQW\�LV�VLJQLILFDQWO\�UHGXFHG��HYHQ�ZLWK�

VSDUVH�GDWD��6FHQDULR�7ZR���5HGXFWLRQ�LQ�XQFHUWDLQW\�LV�FRQVLGHUDEOH�ZKHQ�GDWD�LV�FROOHFWHG�LQ�PRUH�

WKDQ�RQH�URRP�VLPXOWDQHRXVO\��6FHQDULR�2QH���,Q�ERWK�VFHQDULRV�LQSXW�SDUDPHWHU�GLVWULEXWLRQV�DUH�

QDUURZHG�WR�WKH�SDUDPHWHU�YDOXHV�RI�WKH�PRGHO�SUHGLFWLRQ�ZKLFK�PRVW�FORVHO\�PDWFKHV�WKH�

VLPXODWLRQ�IURP�ZKLFK�WKH�V\QWKHWLF�GDWD�ZDV�SURGXFHG����

)XUWKHU�UHVHDUFK�ZLOO�EH�UHTXLUHG�WR�FRQVLGHU�D�ODUJHU�VHW�RI�XQFHUWDLQ�SDUDPHWHUV��LQFOXGLQJ�

DGGLWLRQDO�HOHPHQWV�RI�EXLOGLQJ�GHVFULSWLRQ��DQG�WR�XQGHUVWDQG�KRZ�PHDVXUHPHQW�HUURU�FRXOG�HIIHFW�

RXU�XSGDWLQJ��$GGLWLRQDO�UHVHDUFK�FRXOG�DOVR�LQFOXGH�DSSO\LQJ�WKH�DSSURDFK�XVLQJ�ILHOG�GDWD�IURP�DQ�

DFWXDO�SROOXWDQW�UHOHDVH�LQ�D�EXLOGLQJ����

$FNQRZOHGJHPHQWV�

� 7KLV�UHVHDUFK�ZDV�IXQGHG�LQ�SDUW�E\�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�(QHUJ\�XQGHU�WKH�

(QHUJ\�5HVHDUFK�8QGHUJUDGXDWH�/DERUDWRU\�)HOORZVKLS�3URJUDP��7KH�UHVHDUFK�GHVFULEHG�LQ�WKLV�

SDSHU�ZDV�SHUIRUPHG�DW�WKH�(UQHVW�2UODQGR�/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\��D�QDWLRQDO�

VFLHQWLILF�UHVHDUFK�ODERUDWRU\�VSRQVRUHG�E\�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�(QHUJ\��

 0DQ\�WKDQNV�JR�WR�P\�PHQWRU�0LNH�6RKQ�DQG�WR�*URXS�/HDGHU�$VKRN�*DGJLO���6SHFLDO�

WKDQNV�JR�WR�-HQQLIHU�0F:LOOLDPV�IRU�JLYLQJ�PH�WKH�RSSRUWXQLW\�WR�UHVHDUFK�DW�/%/��DQG�IRU�KHU�

VXSSRUW�DQG�DVVLVWDQFH��,�ZRXOG�DOVR�OLNH�WR�WKDQN�WKH�PHPEHUV�RI�WKH�$LUIORZ�DQG�3ROOXWDQW�

7UDQVSRUW�DQG�WKH�(QHUJ\�3HUIRUPDQFH�RI�%XLOGLQJV�*URXSV��P\�UHVHDUFK�SDUWQHU�1DYWHM�6LQJK��DQG�

/%/·V�&HQWHU�IRU�6FLHQFH�DQG�(QJLQHHULQJ�(GXFDWLRQ�RIILFH��6SHFLDO�WKDQNV�WR�&DUORV�)LJXHURD�RI�

&DEULOOR�&ROOHJH�IRU�KLV�VXSSRUW���

� �
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�
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0RQWH�&DUOR�0HWKRGVµ��-RXUQDO�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,Q�SUHVV��2FWREHU������ 


